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Solvent Refined Coal (SRC) has previously been invest igated by e l  permeation 
chromatography (GPC)(l-3) and open column l iqu id  chromatography (4,5Q. These s tudies  
have concentrated on comparison among various untreated coals and SRC's along w i t h  
the determination of c lasses  of chemical compounds present i n  SRC. In t h i s  paper 
the basic chemical nature of SRC i s  invest igated,  both on a molecular s i z e  bas i s  
and on a component basis .  

By determining the basic chemical charac te r i s t ics  of SRC, important ground 
work can be la id  f o r  understanding the s t ruc ture  of SRC and f o r  a fundamental under- 
standing of the p a r e n t  coal .  
of SRC i t  may be possible  t o  determine the process parameters which control the 
product composition. Knowledge of the chemical e n t i t i e s  composing SRC, should make 
i t  possible to  b e t t e r  s t r u c t u r e  the process so as to  enhance product qua l i ty .  

To provide a be t te r  understanding of the chemical makeup of SRC, t h i s  work pre- 
sents  an in-depth study of i t s  chemical c h a r a c t e r i s t i c s .  
d i f fe ren t  separat ion leve ls :  
lyzed by GPC and the molecular s i z e  d is t r ibu t ion  i s  obtained; 2)  GPC i s  used a s  a 
preanalysis s tep  in  which individual f rac t ions  a r e  col lected according t o  t h e i r  
e lut ion time f o r  subsequent de ta i led  analysis ;  and 3)  the S R C  f r a c t i o n s  a re  sepa- 
rated in to  component peaks or chromatographic bands by high pressure l iqu id  chroma- 
tography ( H P L C )  and gas chromatography ( G C ) .  

Experimental 

T h r o u g h  knowledge of the molecular s i z e  d i s t r i b u t i o n  

SRC i s  analyzed a t  th ree  
1) i n i t i a l l y ,  the  THF soluble  portion of SRC i s  ana- 

Materials Studied 

respective feed coals  were obtained from the Wilsonville SRC P i l o t  P lan t .  
l i g h t  recycle o i l  was obtained from Southern Services ,  Inc. 

Four SRC's, Amax, Western Kentucky 9/14, Monterey and I l l i n o i s  #6, and t h e i r  
The  

Chromatographic Analyses 
GPC and HPLC were performed on a Waters ALC/GPC 202 high pressure l iqu id  

chromatograph equipped with a d i f f e r e n t i a l  refractometer and a Schoeffel Spectro- 
flow SF 770 var iable  wavelength u l t r a v i o l e t - v i s i b l e  de tec tor .  For dual wavelength 
analyses, an Altex Model 153 Analytical U V  Detector was used w i t h  a 254 nm f i l t e r .  
All chromatographic solvents  were pref i l te red  through a 0.2 urn Fluoropore f i l t e r  
before use. 

GPC was performed u s i n g  th ree  u-styragel columns, s i z e s  5008, 100A, 100A, 
i n  se r ies  w i t h  tetrahydrofuran ( U V  grade, Burdick and Jackson) as mobile phase. 
Injection volumes and ef fec t ive  concentrat ionsfor  analyt ical  separat ions and f o r  pre- 
parat ive analysis  were 10 ~1 a t  10 mg/ml and 100 ~1 a t  50 mg/ml ,  respect ively.  Poly- 
ethylene glycol standards of molecular weights 285-315, 380-415, 570-670, 950-1050 
and 3000-3700 from Union Carbide, and various polynuclear aromatics were used as 
ca l ibra t ion  standards. 

HPLC was performed f o r  each of the s i x  f rac t ions  obtained from GPC ana lys i s .  
Reverse phase chromatography was employed f o r  f rac t ions  5 and 6 using two U-Bond- 
apak C18 columns (30 cm long, 4 mm i n  diameter) w i t h  a mobile phase o f  equal vol- 
ume portions of a c e t o n i t r i l e  (nanograde, Mallinckrodt), 2-propanol (spectroqual i t y ,  
J.T. Baker) and water ( g l a s s - d i s t i l l e d ) .  

0 0  

Ult rav io le t  detect ion,  s e t  a t  254 nm and 
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0.1 AUFS, monitored the  sample. 

a s i l  column (30 cm i n  length and 4 mn diameter) and a two-component mobile phase of 
hexane and 2-propanol. 
hexane/25% 2-propanol were used t o  e f f e c t  a separat ion.  

Model 1800 GC equipped w i t h  a flame ionization detector  (FID) w i t h  nitrogen as the 
c a r r i e r  gas. 
( F P D )  w i t h  helium as the c a r r i e r  gas was used f o r  s u l f u r  compound ana lys i s .  
analyses, temperature programming and a methyl phenyl s i l i c o n  column (10 f e e t  by 
1/8 inch)  were used. 

Analytical Methods Used i n  Fractional Analysis 
Elemental analysis  was performed on a Perkin Elmer Model 240 Elemental Ana- 

lyzer  equipped w i t h  a Microbalance and a Model 31 Tektronix Calculator. Samples 
were prepared by open-air evaporation of the THF from each fract ional  res idue.  

trometer with a standard quartz  sample c e l l .  
solving each f r a c t i o n  i n  THF a t  concentration leve ls  ranging from 1 t o  10 mg/ml. 

Infrared spectroscopy f o r  f rac t ions  1-4 was performed on a Digilab FTS 10 
System I Fourier Transform inf ra red  spectrometer (FTIR) and f rac t ion  5 on a Perkin- 
Elmer 621 infrared spectrometer. 
5 as  a th in  film. 

w i t h  a Dupont Model 21-491 Mass Spectrometer equipped f o r  so l id  sampling. 

meter u s i n g  a standard 1 cm path length quartz c e l l  and U V  grade THF a s  solvent .  

Fractions 1-4 were separated by normal phase chromatography employing a u-por- 

I socra t ic  solvent  systems ranging from 100% hexane t o  75% 

Gas chromatographic ana lys i s  of f ract ions 5 and 6 was performed on a Varian 

A Varian Model 3700 GC equipped w i t h  a flame photometric detector  
In both 

Fluorescence spectroscopy was performed on a Farrand Mark I Fluorescence Spec- 
Sample preparation consisted of d i s -  

Fractions 1-4 were r u n  as  KBr p e l l e t s  and f rac t ion  

Mass spectral  ana lys i s  was performed on approximately 100 mg of each f rac t ion  

Ultraviolet  spectroscopy was performed on a Cary 17 UV/Vis Recording Spectro- 

Results and Discussion 
I n  th i s  study, GPC i s  used a s  a method f o r  the  character izat ion of  four  SRC's 

and t h e i r  respect ive feed c o a l s ,  a s  well as a means of preliminary separation for 
the  SRC's. The molecular s i z e  d is t r ibu t ions  of the  tetrahydrofuran soluble  portion 
of Amax, I l l i n o i s  #6 ,  Western Kentucky 9/14 and Monterey SRC's as  determined by GPC 
i s  shown in Figure 1. The molecular s i z e  d is t r ibu t ions  of Western Kentucky SRC and 
Monterey SRC have higher molecular weight d i s t r ibu t ions  than those of I l l i n o i s  #6 
and Amax SRC. 

A comparison of the molecular s i z e  d is t r ibu t ions  of the THF soluble  portion 
of SRC t o  the THF soluble  port ion of the feed coals i s  a l s o  shown i n  Figure 1. 
l a r g e  difference i n  the r e l a t i v e  s o l u b i l i t y  of SRC and the feed coal is observed 
(See Table 1). The d i f fe rences  i n  the molecular weight d i s t r ibu t ions  of the  coals  
and SRC's a re  portrayed by t h e i r  i n i t i a l  and f i n a l  e lu t ion  times as  shown i n  Table 
2 .  Two SRC's, Amax and I l l i n o i s  #6, and one coal ,  Amax, show subs tan t ia l  d i f f e r -  
ences i n  e lut ion time. Both SRC's a re  delayed in  i n i t i a l  e lu t ion  time and con- 
t inue  past the experimental e lu t ion  time f o r  the  smallest  aromatic compound, ben- 
zene. The f ina l  e lu t ion  time of Amax coal i s  a l s o  delayed - 33.0 minutes - com- 
pared t o  approximately 30.0 minutes f o r  the other  coals .  These increased e lu t ion  
times can be a t t r i b u t e d  t o  p a r t i a l  adsorption of the  components on the v-styragel 
columns . 

A 

GPC Fractional Analysis 
To analyze the  chemical nature of solvent ref ined coal ,  the SRC must f i r s t  be 

subdivided in to  smaller analyzable f rac t ions .  
of Amax SRC was a r b i t r a r i l y  divided i n t o  s i x  f rac t ions .  These f rac t ions  were col-  
lected a t  three minute i n t e r v a l s  beginning a t  approximately 15.5 minutes, where 
the  SRC eluent was f i r s t  detected by t h e  d i f f e r e n t i a l  refractometer. 
times of the Amax SRC f r a c t i o n s  a r e  compared i n  Figure 2 t o  the e lu t ion  times of 
ca l ibra t ion  standards and t o  known SRC asphaltene and o i l  f rac t ions  from Soxhlet 
ex t rac t ions .  

To accomplish th i s ,  the GPC e luent  

The e lu t ion  

The e lu t ion  times from an autoclave react ion mixture, which most 

I 
I 
I 
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c l o s e l y  approximates SRC process condi t ions,  show t h a t  asphal t e n e ~  e l u t e  between 
15.5 and 26.6 minutes and t h a t  the o i l  e lu tes  between 23.6 and 32.2 minutes.  There- 
fo re ,  according t o  t h e i r  e l u t i o n  times, Amax SRC GPC f r a c t i o n s  1-3 p r i m a r i l y  con- 
s i s t  o f  asphaltenes*, f r a c t i o n  4 i s  a combination o f  o i l  compounds and asphaltenes, 
and f r a c t i o n s  5 and 6 a r e  p r i m a r i l y  composed o f  t h e  o i l  f r a c t i o n  c o n s i s t i n g  o f  
small condensed r i n g  systems. (6 )  

Mass Spectrometry 
Each GPC f r a c t i o n  was analyzed by e l e c t r o n  impact mass spectrometry.  

l a r g e s t  m/e value obtained f o r  each f r a c t i o n  as shown i n  Table 3 i s  e s s e n t i a l l y  
l i m i t e d  by the  v o l a t i l i t y  o f  each f r a c t i o n  a t  t he  maximum probe temperature 300OC. 
This f a c t  i s  exempl i f ied by the  near ly  equ iva len t  m/e values obta ined f o r  Amax 
SRC and GPC f r a c t i o n  5 - 579 and 580 respec t i ve l y .  
spectrometer probe from each f r a c t i o n  and SRC sample i n d i c a t i n g  t h a t  o n l y  a p o r t i o n  
o f  each sample was analyzed. 
f r a c t i o n s  5 and 6, have h igh  molecular weight compounds, t h e  GPC f r a c t i o n s  o f  Amax 
SRC cannot be e a s i l y  co r re la ted  t o  a molecular weight separat ion.  

The mass spec t ra l  f ragmentat ion p a t t e r n  o f  f r a c t i o n s  1 and 5 a r e  shown i n  
F igure  3. These fragmentat ion pa t te rns  c l e a r l y  i l l u s t r a t e  t h e  s u b s t a n t i a l  d i f -  
ferences i n  the  chemical compositions o f  t h e  GPC f r a c t i o n s .  The f ragmentat ion 
pa t te rn  o f  f r a c t i o n  1 has mass peaks cover ing  t h e  e n t i r e  mass range w h i l e  f r a c t i o n  
5 has an in tense c l u s t e r  o f  mass peaks resembling a Gaussian d i s t r i b u t i o n  between 
mass number 150 t o  400. The fragmentat ion p a t t e r n  o f  f r a c t i o n  2 c l o s e l y  resembles 
t h a t  o f  f r a c t i o n  1; whereas, t h e  f ragmentat ion pa t te rn  4 i s  s i m i l a r  t o  f r a c t i o n  5. 
The f ragmentat ion pa t te rns  o f  f r a c t i o n s  3 and 6 are  both weak and sparse. 
f ragmentat ion pa t te rns  g i ve  an i n d i c a t i o n  o f  t h e  compounds composing t h e  f r a c t i o n s .  
Frac t ions  1 and 2 con ta in  e a s i l y  fragmented compounds - such as heteroatom-contain- 
i n g  aromat ics o r  subs t i t u ted  aromatics. The concentrated Gaussian d i s t r i b u t i o n  o f  
mass peaks i n  f r a c t i o n s  4 and 5 appears t o  be a t r u e  d i s t r i b u t i o n  o f  t he  molecular  
ions  o f  t h e  compounds present i n  t h e  f r a c t i o n s ,  suggest ing t h a t  these f r a c t i o n s  
con ta in  compounds which g i ve  s t rong parent  peaks and which do no t  e a s i l y  fragment 
such as polynuclear  condensed r i n g  aromat ics.  

The 

Residues remained on t he  mass 

Since a l l  o f  t he  f rac t i ons ,  i n c l u d i n g  t h e  two o i l  

These 

F1 uorescence and U1 t r a v i o l e t  Spectroscopy 
The f luorescence emission spectra o f  f r a c t i o n s  3, 4, and 5 a re  shown i n  F igure  

4. 
450 nm and t h e  f luorescence bandwidths a t  ha l f -he igh t  range from 144 t o  168 nm. 
These values correspond t o  t h e  apparent wavelength maxima and bandwidths o f  var ious  
polynuclear  aromat ics and coa ls  as descr ibed by Retcofsky (7 ) .  
workers have shown t h a t  t he  apparent f luorescence wavelength maxima f o r  po lynuclear  
aromatic compounds o f  th ree  o r  more condensed r i n g s  range from 383 t o  482 nm. 
Retcofsky r e p o r t s  t h a t  the  p y r i d i n e  ex t rac ts  f rom 5 coals have an apparent wave- 
l eng th  maxima ranging from 390 t o  455 nm ( w i t h  f o u r  o f  t h e  coa ls  ranging from 
440-455 nm) and have an apparent bandwidth a t  h a l f - i n t e n s i t y  between 120-140 nm. 
Comparison o f  t he  apparent emission maxima and bandwidth o f  t h e  SRC f a c t i o n s  (see 
F igure  4) t o  the  f luorescence o f  t h e  coa ls  and standard polynuclear  compounds gives 
s t rong evidence t h a t  t h e  types o f  compounds present i n  f r a c t i o n s  3, 4 and 5 a r e  
polynuclear  aromat ic compounds o f  t h ree  o r  more condensed r i n g s .  

U l t r a v i o l e t  spectroscopy o f  t h e  Amax SRC GPC f r a c t i o n s  compared t o  Amax SRC 
(THF so lub le  p o r t i o n )  and recyc le  o i l  show (F igure  5) cons iderable v a r i a t i o n  
i n  t h e  band s t ruc tu re .  
a t  217, 243, and 262 nm; f r a c t i o n  2 has absorp t ion  bands a t  218, 242 and 264 nm. 
Frac t ions  3, 4, 5 and 6 show no band s t ruc tu re .  
SRC - 217, 241 and 261 nm - a re  very s i m i l a r  t o  f r a c t i o n s  1 and 2. I n  con t ras t ,  

* 

The apparent f luorescence maxima f o r  t he  th ree  f r a c t i o n s  range f rom 434 nm t o  

Retcofsky and co- 

The UV spectra o f  f r a c t i o n  1 shows d e f i n i t e  band s t r u c t u r e  

The absorpt ion bands o f  Amax 

Preasphaltenes a re  n o t  considered due t o  t h e i r  i n s o l u b i l i t y  i n  THF 



t h e  numerous abso rp t i on  bands o f  l i g h t  r e c y c l e  o i l  a r e  s h i f t e d  t o  l onger  wave- 
l eng ths  - 272, 278, 283, 285, 319 and 336 nm. 
t h e  o i l  i s  composed e s s e n t i a l l y  of  condensed po lynuc lea r  aromat ic  compounds o f  2, 
3, and 4 r i n g s  (6 ) .  
l y  due t o  a prominent f u n c t i o n a l  group present  i n  these samples b u t  absent o r  i n  
much lower  concen t ra t i on  i n  t h e  o the r  GPC f r a c t i o n s  and l i g h t  r e c y c l e  o i l .  

Th i s  s h i f t  agrees w i t h  the  f a c t  t h a t  

The band s t r u c t u r e  i n  f r a c t i o n s  1 and 2 and Amax SRC i s  obvious- 

Elemental Analys is  and I n f r a r e d  Spectroscopy 

t i o n  i n  the  carbon and n i t r o g e n  percentages (see Table 4) .  
s i g n i f i c a n t l y  lower  carbon percentage than do f r a c t i o n s  4 and 5. 
percentage of  n i t r o g e n  i s  d e f i n i t e l y  h igher  i n  f r a c t i o n s  1 and 2 as compared t o  
f r a c t i o n s  4 and 5. 
i n  any p r e d i c t a b l e  fashion.  

i n  t h e  a l i p h a t i c  band stretches,CH2 a t  2920 cm-l and CH3 a t  2960 cm-1, and t h e  aro-  
ma t i c  CH s t r e t c h  a t  3000~3100'cm-1. Table 5 shows t h e  r a t i o  o f  t h e  aromat ic C-H t o  
t h e  a l i p h a t i c  CH2 s t r e t c h  and the  r a t i o  o f  CH3 t o  CH2 s t r e t c h  f o r  t h e  Amax GPC 
f r a c t i o n s .  
can be obtained f rom t h e  r a t i o s  o f  t h e  band s t re t ches .  
t ime,  GPC f r a c t i o n s  1-5 show increased a r o m a t i c i t y .  A s u b s t a n t i a l  increase i n  the 
CH/CH2 r a t i o  i s  seen i n  f r a c t i o n  5. 
and l e v e l s  o f f  a t  f r a c t i o n  4; however, f r a c t i o n  5 shows a dramat ic  increase i n  the  
CH3/CH r a t i o .  These r a t i o s  a long w i t h  t h e  elemental a n a l y s i s  (see Table 4) 
g i v e  sZrong evidence t h a t  f r a c t i o n s  1 and 2 have e i t h e r  more heteroatoms o r  l e s s  
aromat ic  compounds than  do f r a c t i o n s  3, 4, and 5. F rac t i ons  1 and 2 a l s o  have a 
g r e a t e r  percentage o f  methylene groups i n d i c a t i n g  t h a t  they have e i t h e r  l onger  
hydrocarbonchains o r  more sa tu ra ted  c y c l i c  groups i n  comparison t o  t h e  o the r  f r a c -  
t i o n s .  Fract ions 3 and 4 have increased aromat ic  s t r u c t u r e  and s h o r t e r  s ide-chains 
o r  fewer saturated c y c l i c  compounds than 1 and 2. The l a r g e  change i n  both t h e  
aromat idCH2 and t h e  CH3/CH? r a t i o s  show t h a t  f r a c t i o n  5 i s  t o t a l l y  d i f f e r e n t  from 
t h e  o t h e r  f rac t i ons .  
groups. 

Elemental a n a l y s i s  p e r f o n e d  on each GPC f r a c t i o n  i n d i c a t e s  considerable v a r i a -  
Fract ions 1-3 have a 

I n  con t ras t ,  t he  

The hydrogen values vary among the  d i f f e r e n t  f r a c t i o n s  bu t  no t  

I n f r a r e d  a n a l y s i s  o f  Amax GPC f r a c t i o n s  1-5 shows d i s t i n c t i v e  d i f f e rences  

In fo rma t ion  concern ing t h e  types o f  compounds present  i n  these f r a c t i o n s  
With i n c r e a s i n g  e l u t i o n  

The CH3/CH2 r a t i o  increases i n  f r a c t i o n s  1-3 

F r a c t i o n  5 i s  l a r g e l y  aromat ic w i t h  more methyl than methylene 

HPLC and GC Chromatographic Analys is  o f  GPC F rac t i ons  

ponent species ( f r a c t i o n s  5 and 6 )  o r  i n t o  chromatographic bands ( f r a c t i o n s  1-4). 
Since t h e  e l u t i o n  t imes o f  f r a c t i o n s  5 and 6 correspond t o  t h a t  o f  o i l  and s ince  
bo th  5 and 6 a re  s o l u b l e  i n  the reverse phase so lvents ,  reverse phase a f f i n i t y  mode 
separat ions a r e  s u c c e s s f u l l y  used. 

As shown i n  F i g u r e  6a, f r a c t i o n  6 i s  separated i n t o  30 peaks - some on ly  par-  
t i a l l y  resolved - by r e v e r s e  phase HPLC. Several peaks i n  f r a c t i o n  6 have been t e n -  
t a t i v e l y  i d e n t i f i e d  by s p i k i n g ;  they are: naphthalene, phenanthrene, f luoranthene,  
and pyrene. GC a n a l y s i s  o f  f r a c t i o n  6 shows one m j o r  peak, i d e n t i f i e d  by s p i k i n g  
as pyrene. Several o t h e r  peaks - phenanthrene, f l uo ran th rene  and dibenzothiophene - 
have been i d e n t i f i e d  by s p i k i n g  as shown i n  F igure 6b. 

There 
a r e  more Deaks p resen t  i n  f r a c t i o n  5 than i n  f r a c t i o n  6. A t  the same t o t a l  concentra- 
t i o n  l e v e l  t he  UV absorpt ion o f  t h e  chromatographic peaks i s  much greater  i n  5 than i n  
6. The gas chromatogram o f  f r a c t i o n  5 shown i n  F igure 6d shows th ree  major peaks which 
have been i d e n t i f i e d  by s p i k i n g  as phenanthrene, f luoranthene and pyrene. Fourteen 
in termediate and minor peaks are a l s o  present. Two o f  these components - d ibenzoth io-  
phene and chrysene - have been i d e n t i f i e d .  

condensed r i n g  polynuclear  aromat ic  compounds w i t h  one heteroaromatic s u l f u r  species. 
Many o f  t he  compounds present  i n  f r a c t i o n s  5 and 6 a re  a l so  present i n  recyc le  o i l  
(8) .  

The Amax SRC GPC f r a c t i o n s  a r e  f u r t h e r  separated by HPLC and GC i n t o  t h e i r  com- 

Reverse phase HPLC separates f r a c t i o n  5 i n t o  35 peaks (see F igure 6c). 

The components i d e n t i f i e d  i n  f r a c t i o n s  5 and 6 a re  e s s e n t i a l l y  a l l  2, 3, and 4 

The o r i g i n  o f  some o f  these polynuclear  aromatic compounds i n  the f i n a l  SRC product 
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can be a t t r i b u t e d  t o  one o f  two sources: 1 )  these compounds may be res idua l  r e c y c l e  
o i l  which i s  n o t  completely d i s t i l l e d  o r  2) these compounds may be an i n t e g r a l  p o r t i o n  
o f  t h e  SRC organic ma t r i x .  

Normal phase HPLC separat ions o f  f r a c t i o n s  1-4 have been attempted s ince  reverse  
phase HPLC i s  t o t a l l y  unsuccessful due t o  t h e  l ack  o f  s o l u b i l i t y  o f  f r a c t i o n s  1-4 i n  
reverse  phase solvents.  Ana ly t i ca l  separat ions o f  f r a c t i o n s  1-4 a r e  d i f f i c u l t  due t o  
t h e i r  i n s o l u b i l i t y  i n  many solvents;  however, some progress has been made as shown i n  
Table 6. Under normal phase cond i t i ons  w i th  a mobi le  phase o f  hexane (95%) and 2-propanol 
(5%),  no bands i n  f r a c t i o n  1 and 2 e l u t e  be fore  20 column volumes. With the  same solvent 
system f r a c t i o n s  3 and 4 show some r e s o l u t i o n  i n t o  peaks and chromatographic bands a t  
k ~ 2 0 .  When a more po la r  mobi le  phase i s  used - hexane (75%)/2-propanol (25%), a l l  t h e  
components i n  f r a c t i o n s  3 and 4 e l u t e  as a s i n g l e  band wh i l e  f r a c t i o n s  1 and 2 e l u t e  as 
two broad bands i n  l e s s  than f o u r  column volumes. Under bo th  mobi le phases, condensed 
r i n g  standards - such as phenanthrene, anthracene, dibenzothiophene and rubrene - a l l  
e l u t e  a t  t h e  vo id  volume of t h e  column. 
a separat ion,  f r a c t i o n s  1 and 2 appear t o  have a composi t ion q u i t e  d i f f e r e n t  f rom f r a c t i o n s  
3 and 4. 
systems w i t h  h igh  molecular weights;  w h i l e  f r a c t i o n s  3 and 4 appear t o  be composed o f  
more non-polar bu t  h igh  molecular weight compounds. 

Consider ing t h e  mobi le  phase necessary t o  e f fec t  

Frac t ions  1 and 2 appear t o  be composed o f  p o l a r  compounds o r  condensed r i n g  

Conclusions 

GPC c l e a r l y  shows t h a t  t h e  molecular weight d i s t r i b u t i o n  o f  SRC i s  cons i s ten t  w i t h  
SRC being p a r t i a l l y  composed o f  o i l  and asphaltenes. The f r a c t i o n s ,  c o l l e c t e d  from the  
GPC e l u t i o n  o f  Amax SRC, a re  f a i r l y  wel l -def ined:  f r a c t i o n s  1-3 a r e  composed o f  asphal- 
tenes, f r a c t i o n  4 i s  a combination o f  o i l  and asphaltenes, and f r a c t i o n s  5 and 6 a r e  o i l .  
The major cons t i t uen ts  o f  f r a c t i o n s  5 and 6 have been i d e n t i f i e d  as ma in l y  th ree  o r  four  
condensed r i n g  polynuclear  aromatics; f r a c t i o n  6 conta ins  p r i m a r i l y  pyrene and f r a c t i o n  
5 con ta ins th ree  major components - phenanthene, f luoranthene and pyrene. 
exper imental  evidence, f r a c t i o n s  1-4 can be ch rac te r i zed  by t h e i r  bonding type  and chro- 
matographic behavior.  
compounds dominated by cha in  s t r u c t u r e  poss ib l y  w i t h i n  an aromat ic framework, w h i l e  f rac -  
t i o n s  3 and 4 seem t o  be f a i r l y  h igh  molecular weight bu t  e s s e n t i a l l y  non-polar compounds 
wi th  a more prominent aromat ic s t r u c t u r e .  
complete separat ions o f  t h e  components i n  f r a c t i o n s  1-4 f o r  subsequent compound i d e n t i f i -  
ca t i on .  

From the  

F rac t i ons  1 and 2 appear t o  be somewhat po la r ,  h igh  molecular weight 

Fu ture  HPLC work i s  planned t o  e f f e c t  more 
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TABLE 1 .  So lub i l i t y  of Amax SRC and Four Demineralized Feed Coals i n  Tetrahydrofuran 

Material 

Amax S R C  
Amax Coal 
Monterey Coal 
Western Kentucky Coal 
I l l i n o i s  #6 Coal 

*Concentration l eve l :  100 mg/ml 

Percent Soluble i n  THF* 

86.65 
8.75 
5.02 

1.60 
3.88 

TABLE 2. Comparison of  Elution Time f o r  Solvent Refined Coals and t h e i r  Feed Coals 

Elution Time (minutes) 

SRC I n i t i a l  Final 

Amax 
Mon t er  ey 
I l l i n o i s  #6 
Western Kentucky 

Feed Coal s 

Amax 
Mon t e rey  
I l l i n o i s  #6 
Western Kentucky 

24.40 
16.25 
21.90 
15.50 

15.75 
16.00 
15.90 
15.00 

46.75 
31.75 
43.25 
29.75 

33.00 
30.35 
30.48 
28.75 

TABLE 3. Highest Mass Spectral f o r  Amax SRC Fractions and Amax SRC 

Fract ions m/e* 
1 
2 
3 
4 
5 
6 

Amax SRC 
Asphal t enes  (Amax Coal ) 

Probe temperature: 3OO0C 
Ionizing voltage: 1400 V 

650 
640 
370 
680 
580 
658 
57 9 
693 

E 
I: 
I 

I 

m, 
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TABLE 4. Elemental Analysis o f  Amax G P C  Fract ions and Amax SRC 

G P C  Fract ions % C  % H  - % N  

1 a i  .25 5.24 1.69 
2 79.12 5.80 1.38 

4 82.98 4.40 1.27 
5 84.55 6.58 0.75 

Arnax SRC (THF inso luble  84.18 4.64 1.60 

Arnax SRC 86.07 5.17 1.52 
Recycle O i  1 89.22 8.44 0.85 

3 80.30 6.26 1.68 1 

port ion)  m 

1 Fract ions 

TABLE 5. Infrared Ratios o f  Amax SRC G P C  Fract ions 

Ratios 

Aromat i c/Al i phat i c MethyllMethylene 
(CH/CH?) r (CH3/CH2) 

0.077 
0.151 
0.201 
0.298 

0.79 , 

0.92 
0.81 

0.88 

TABLE 6 .  Normal Phase HPLC Analysis of Fract ion 1-4 

Mobile Phase 

Fraction Hexane (95%)/2-Propanol (5%)  Hexane (75%)/2-Propanol (25%1 

1 No bands t o  k ' *  = 20 
2 No bands t o  k '  = 20 Two broad bands, 0 = k <1 .E 

Two broad bands, l < k ' < ?  

3 1 3  peaks (poorly resolved) 

4 3 bands, O<k'<l S ingle  band, k '  = 0 

Single  broad band, k '  = 0 
k '<20  
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Figure  I .  GPCa o f  the S R C ' s  and the Feed Coalsb 

Yestern Kentucky SRC 

llonterey SRC Monterey Coal 

I l l i n o i s  g 6 ~  Coal 

A 

Pmax Coal - 
, , 1 , 1 , I l 1 1 1 1 1 ~ 1  

40 30 20 IO 0 30 20 10 0 

E l u t i o n  Time (Minutes) 

a. UV de tec t ion  a t  300 nm 

b. Coals demineralized ( A S T H )  



Figure 3 .  Mass Spectra o f  Two Amax SRC 
GPC Fractions 

Fraction 1 

I I I I I 

100 200 300 400 50 

Mass Number Fraction 5 

I 

1 * 4 ,  
I 
[ ,  I---- 
1 ,  

-__I 

I I I 

200 300 400 50 100 

Mass Number 

Fluorescence Spectra a o f  Three Amax SRC GPC Fract ions Figure 4.  

Fraction 3 
-7 

Fraction 4 Fract ion 5 :-I 

'- " ~ a". m - '- 

x = Wavelength ( n m )  

y = Relat ive In tens i ty  

a )  Uncorrected emission spectra  
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a )  HPLC o f  Fraction 6 

Figure 6 .  Liquid and Gas Chromatograms 
o f  Fractions 5 and 6 

1. Naphthalene 
2 .  Phenanthrene 
3 .  Dibenzothiophene 
4 .  Fluoranthene 

5 5.  Pyrene 

b )  GC o f  Fraction 6 

c )  HPLC o f  Fraction 5 

1. Dibenzothiophene 
2 .  Phenanthrene 
3 .  F1 uoranthene 
4 .  Pyrene 

4 

R 

d )  G C  o f  .fraction 5 

1. Dibenzothiophene 
2 .  Phenanthrene 

2 3 4  3 .  F1 uoranthene 
4 .  Pyrene 

5 5. Chrysene 

195 


